The problem before the medical or veterinary diagnostician is to determine the presence of disease-not merely the presence of parasitism. In many instances the determination of the nature of a disease caused by parasitic worms and how it may be diagnosed (the number of worms required to cause it) is still a research problem, but adherence to the medical or veterinary approach to the subject rather than to the more specifically biological one-i.e. from the angle of disease rather than from the angle of the parasite-should help to avoid such fallacies as these.
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A Differential Character of Clostridium welchii Type D By T. J. BOSWORTH and R. E. GLOVER As a result of recent investigations it has been clearly established that there are well-marked qualitative differences in the toxins produced by strains of Cl. welchii. Wilsdon (1931) undertook a survey of a number of representative cultures of this group and found that, on the grounds of toxin-antitoxin reactions, he could divide them into four classes, viz., Cl. welchii gas-gangrene (type A), lamb dysentery bacillus (type B), B. paludis (type C), and B. ovitoxicus (type D). Glenny and his collaborators (1933) have extended the analysis of the various components of these different types of toxin, but as their findings are quite consistent with Wilsdon's main conclusions, it is unnecessary for our present purpose to go beyond the latter's classification.
In certain diseases of lambs, e.g. lamb dysentery, enterotoxamia (pulpy kidney), etc., in which it can be shown that there is a preponderance of organisms of the Cl. welchii group in the small intestines, the contents may contain considerable amounts of the corresponding toxin. From the point of view of diagnosis and prophylaxis of these conditions it is essential, in the first place, to determine the type of toxin which may be present, and for this purpose it is desirable to obtain a sterile filtrate of suitably diluted and clarified intestinal contents. It occurred to us that as wide variations in the constitution and reaction of different samples might materially influence the passage of toxin through a candle, some observations on this point appeared to be necessary. It was, therefore, decided to add known amounts of precipitated Welch toxins to the intestinal contents of normal lambs and to determine by titration in mice the amount of toxin present before and after filtration through different candles under varying conditions. It is not the purpose of this note to refer to the results of these filtration experiments, but rather to draw attention to a peculiar phenomenon which arose when Welch toxin type "D" was added to normal intestinal contents. To put the matter quite briefly: It was found that when a known amount of precipitated " D " toxin was added to a Seitz filtrate of normal sheep intestinal contents and allowed to stand for a short time, the mixture appeared to contain a toxic element considerably in excess of the calculated amount of " D" toxin. For example, if a solution of precipitated " D " toxin is prepared in normal saline solution so as to contain 10 M.L.D., it will kill a mouse in about four hours, while with smaller amounts the time of death is delayed to eighteen hours or more. If, however, the same quantity of " D" toxin is mixed with a normal intestinal filtrate (N.I.F.), the time elapsing between inoculation and death is immensely accelerated so that 10 M.L.D. will kill in a period of from thirty seconds to three minutes: moreover, mice can be killed with amounts of the mixture which, by calculation, contain from one-thirtieth to one-fortieth of a M.L.D. This reaction occurs with both precipitated and liquid " D " toxins. In order to produce the maximum effect, it is necessary to mix the two components for a period of from one to two hours at room temperature previous to the injection of the mice.
This unexpected phenomenon naturally led to an inquiry as to whether the other types of Welch toxin would behave in a similar manner when mixed with N.I.F., but we found that this reaction was definitely restricted to " D" toxin. In point of fact, when known amounts of precipitated " A," " B " or " " toxin respectively were added to N.I.F. there was ,usually a distinct delay in the onset of death when compared with control solutions of the corresponding toxins in normal saline solution or in broth. The fact that this reaction was apparently restricted to " D " toxin immediately suggested that it might be associated with the heat-stabile fraction. We have been able to show that such may be the case, for if a solution of " D " toxin is heated to 700 C0. for twenty minutes, a temperature which, as shown by Wilsdon, will effectively destroy the heat-labile portion of the toxin, and is then added to a filtrate of N.I.F., the mixture will kill mice in a much shorter period of time than heated toxin alone. Furthermore, it can be shown that while the portion of the toxin which is implicated in this reaction, is heat-stabile, the factor in the intestinal contents is heat-labile, since neither heated nor unheated toxins mixed with N.I.F. heated to 700 C. for twenty minutes possess an enhanced toxicity when compared with solutions of toxin only.
In most of our experiments on mice the material has been injected intravenously, but parallel results can be obtained by the intramuscular route. We have also noted a comparable effect in guinea-pigs injected intradermally. It is already known (Glenny, Llewellyn-Jones and Mason, 1931 ) that the toxins of the Cl. welchii group, in suitable dilutions, evoke htamorrhagic or necrotic dermal lesions to an extent which permits the evaluation of a given toxin in terms of m.r.d. We have found that there is no significant difference in the m.r.d. of " D " toxin in saline when compared with " D " toxin in N.I.F. On the other hand, by injecting guinea-pigs intradermally with increasing doses of " D " toxin, we have arrived at a dose of toxin which kills this animal in less than twenty-four hours. Thus we have found " D " toxin in normal saline solution is fatal in an amount which contains 1,300 m.r.d. (i.e. 160 mouse M.L.D.), while half that amount, although it induces extensive haemorrhagic and necrotic skin lesions, is not lethal. If, instead of dissolving the toxin in saline, serial dilutions of the toxin are mixed with N.I.F., guinea-pigs receiving approximately 32 m.r.d. (i.e. 4 mouse M.L.D.) will succumb, while those injected with 16 m.r.d. will survive. These results compare quite closely with those obtained in mice, i.e. an amount of toxin corresponding with about one-fortieth of a M.L.D. (guinea-pig) becomes lethal when activated by N.I.F. The reaction of the guinea-pig to the other types of Cl. welchii is not affected by the addition of N.I.F.
The activating principle in normal sheep intestinal contents has been demonstrated in all parts of the small intestine, but not in the abomasum: moreover, the reaction has-been induced with every sample of intestinal contents which we have so far examined (17). It is also found in the intestines of other species, such as the guinea-pig and rabbit.
At the moment we are unaware of its nature, but the fact that it is heat-labile indicates that it may be associated with one or more of the digestive ferments.
Solutions of pepsin, diastase, and bile have been added to " D" toxin without producing any activating effect, but mice have been killed in a very short period by the injection of toxin mixed with liq. trypsin co. The activating factor can be recovered from N.I.F. by adding nine volumes of alcohol and drying the resulting precipitate. The reactions in guinea-pigs suggested the operation of a Duran-Reynals type of phenomenon, but the addition of an extract of normal testicle failed to reproduce the effects of N.I.F. Neutralization tests.-Type " D " antitoxin affords complete protection against the combination of " D " toxin and N.I.F. This can be demonstrated either by inoculation of toxin-antitoxin mixtures, or by passive immunization of mice before injection of the complex. Moreover, the amount of antitoxin required exactly to neutralize a given dose of toxin is sufficient to afford protection against the same dose mixed with N.I.F., in spite of the greater toxicity of the combined product. This result is not affected by the order in which the various components are mixed, i.e. a mixture of toxin + antitoxin added to N.I.F. behaves in exactly the same manner as a mixture of toxin + N.I.F. added to antitoxin.
Since our observations seem to suggest that this phenomenon is dependent on a factor normally present in the small intestine of sheep and other animals, it is necessary to take into account its influence in cases of enterotoxwmia. It is recognized that a proportion of such cases is associated with the presence in the intestine of type " D " toxin, often in apparently high concentration. In view, however, of what has been said, it is possible that the determination of the M.L.D. for mice may lead to a false impression as to the actual amount of toxin contained in filtrates of intestinal contents from natural causes and that a titration with a sample of antitoxin of known strength is necessary in order to obtain a true estimate. IThis is confirmed by the results obtained in a few instances in which it has been tried. The following may be given as examples: The figures show that not more than from one-twentieth to one-fortieth the calculated amount of serum was sufficient to neutralize the toxin present in these filtrates and it seems possible that some such relationship will prove to hold good in all cases of this type of enterotoxtemia.
